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TObjective: Intervention therapy has been recently performed on the left internal
thoracic artery graft stenosis. The purpose of this study was to evaluate the natural
course of the left internal thoracic artery graft stenosis at the anastomotic site and
clarify whether intervention therapy should be performed early after surgery.
Methods: We investigated early angiographic results of the left internal thoracic
artery graft in 343 consecutive patients who underwent coronary bypass surgery. In
100 of 343 patients who underwent follow-up angiography, the graft diameter and
percentage diameter stenosis at the anastomotic site were compared between early
postoperative and follow-up angiography. None of these patients underwent inter-
vention therapy on the left internal thoracic artery graft.
Results: Of 343 patients, 46 showed 50% or greater diameter stenosis, and 20
showed 70% or greater diameter stenosis at the anastomotic site. In the 100 patients
with follow-up angiography, the graft diameter significantly increased (1.8 0.4 vs
2.1  0.5 mm, P  .0001) at follow-up angiography. The percentage diameter
stenosis significantly decreased (69%  13% vs 35%  20%, P  .0001) at
follow-up angiography in the patients with 50% or greater diameter stenosis at early
postoperative angiography. Regression of left internal thoracic artery graft stenosis
was detected in most patients with 70% or greater diameter stenosis.
Conclusions: Our study demonstrated that left internal thoracic artery graft stenosis
at the anastomotic site at early postoperative angiography might improve without
intervention therapy. We should consider the natural course of the left internal
thoracic artery graft stenosis in determining the indication of intervention therapy
early after surgery.
The left internal thoracic artery (LITA) has been widely used as a graft forcoronary bypass surgery because of its superior long-term patency,1,2 butgraft stenosis is sometimes detected at the anastomotic site at early postop-
erative angiography. Intervention therapy has been recently performed on the LITA
graft stenosis at the anastomotic site, and results of the intervention therapy have
been reported to be good.3,4 However, there are few reports about the natural course
of the focal stenosis of the LITA graft at the anastomotic site. Previous studies have
demonstrated that edema or hematoma at the anastomotic site might be induced by
operative procedures or that the LITA graft might easily become spastic early after
the operation.5-10 The purpose of this study is to evaluate the natural course of the
LITA graft stenosis at the anastomotic site and to clarify whether intervention
therapy should be performed on the LITA graft stenosis early after surgery.
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Study Patients
Among 430 patients who underwent coronary bypass surgery with
the LITA graft between May 1988 and February 2000 in Tenri
Hospital, we retrospectively investigated early results of the LITA
graft in 343 consecutive patients (257 male and 86 female patients;
age, 64  9 years; age range, 24-82 years) who underwent post-
operative angiography early after surgery. We referred to clinical
and angiographic examination records of these patients, and 100 of
343 patients turned out to have undergone follow-up angiography
of the LITA graft. We retrospectively investigated changes in the
diameter of the LITA graft and the degree of the LITA graft
stenosis in these 100 patients (79 male and 21 female patients; age,
60  8 years; age range, 40-76 years). None of them underwent
intervention therapy on the LITA graft. Early postoperative an-
giography was performed about 3 weeks after surgery, and fol-
low-up angiography was performed at an average of 5 years after
surgery (range, 5 months to 15 years). Follow-up angiography was
performed for evaluating new-onset angina pectoris in 70 patients,
congestive heart failure in 12 patients, acute myocardial infarction
in 6 patients, and aortic valve stenosis in 3 patients and for a
follow-up study without symptoms in 9 patients.
During this study, 3 staff surgeons performed coronary bypass
surgery. The surgical technique was basically the same among the
surgeons. Technical details were as follows. The LITA was har-
vested along the full length from the sixth intercostal space to the
first rib. The pedicle was wrapped in a papaverine-soaked gauze.
When the end of the LITA was being prepared, it was cut in a
beveled fashion so that the circumference of the LITA opening
was 10% to 20% larger than that of the opening in the coronary
artery, providing a large hood of the LITA over the distal anasto-
mosis. The anterior wall of the coronary artery was opened lon-
gitudinally. The incision was enlarged to a length of about 5 mm,
approximately two and a half times longer than the diameter of the
coronary artery. The technique of anastomosis used one double-
armed 7-0 polypropylene suture placed as a continuous stitch.
Stitches in the LITA went from outside to inside, and those in the
coronary artery went from inside to outside. Suture bites in the heel
of the LITA were about 0.5 mm in depth.
The site of anastomosis was the middle portion or distal portion
of the left anterior descending artery in 319 patients, the diagonal
branch in 10 patients, and the obtuse marginal branch or postero-
lateral branch of the left circumflex artery in 14 patients. One
hundred thirty-five of 343 patients had a previous myocardial
infarction in the area of the coronary artery to which the LITA
graft was anastomosed.
The degree of native coronary artery flow at early postoperative
and follow-up angiography was classified into 3 categories: well-
preserved flow, poorly preserved flow, and no flow. Native coro-
nary angiography was not performed in 3 patients at early post-
operative angiography and 4 patients at follow-up angiography.
Abbreviations and Acronyms
LITA left internal thoracic arteryAt early postoperative angiography, 141 patients showed well-
1662 The Journal of Thoracic and Cardiovascular Surgery ● Decpreserved, 69 patients showed poorly preserved, and 130 patients
showed no native coronary artery flow. At follow-up angiography
in 100 patients, 26 patients showed well-preserved, 14 patients
showed poorly preserved, and 56 patients showed no native coro-
nary artery flow. Native coronary artery flow decreased at follow-up
angiography in a total of 18 of the 100 patients. Informed consent
was obtained from all patients. The study protocol was approved
by the ethics committee at Tenri Hospital.
Angiographic Analysis of the LITA Graft
The LITA graft was examined by multiple projections after intra-
venous administration of 1 mg of isosorbide dinitrate. Quantitative
angiographic analysis was performed with an automated edge-
detection algorithm (CASS II, Pie Medical Imaging). The diameter
of a 5F catheter at the LITA ostium was used as the calibration
standard. The diameter of the LITA graft and percentage diameter
stenosis at the anastomotic site were measured by means of quan-
titative angiography (Figure 1). In 100 patients who underwent
follow-up angiography, the diameter of the LITA graft and per-
centage diameter stenosis at the anastomotic site were compared
between early postoperative and follow-up angiography. A
normal-appearing segment of 1.5 to 2 cm in length near the
anastomotic site was chosen for measurement of the diameter of
the LITA graft. Native coronary artery diameter near the anasto-
motic site was also measured. The percentage diameter stenosis
was calculated from a magnified image obtained in the most
stenotic view at early postoperative angiography and in the same
view at follow-up angiography.
String sign was defined as a patent LITA graft with less than 1
mm diameter without focal stenosis.
Statistical Analysis
Values were expressed as means standard deviation. Differences
in the parameters between early postoperative and follow-up an-
giography were determined by using paired t test analysis. Differ-
Figure 1. Measurement of percentage diameter stenosis at the
anastomotic site by means of quantitative angiographic analysis.ences in the parameters between 2 groups were determined by
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between 2 groups were determined by using the Fisher exact test
for discrete variables. Regression analysis was used to assess the
correlation between 2 parameters.
Results
Early Results of the LITA Graft
Among 343 patients, 264 showed less than 50% diameter
stenosis (15%  14% diameter stenosis, with no stenosis in
171 patients), 26 patients showed 50% to 69% diameter
stenosis, and 20 patients showed 70% or greater diameter
stenosis (70%-79% diameter stenosis in 11 patients, 80%-
89% diameter stenosis in 7 patients, and 90% diameter
stenosis in 2 patients) at the anastomotic site (Table 1).
Eighteen patients showed string sign, and 15 patients
showed occlusion of the LITA graft. The diameter of the
LITA graft was 1.8 0.3 mm in 264 patients with less than
50% diameter stenosis, 1.7  0.3 mm in 26 patients with
50% to 69% diameter stenosis, 1.7  0.3 mm in 20 patients
with 70% or greater diameter stenosis, and 0.8 0.1 mm in
18 patients with the string sign (Table 1).
TABLE 1. Early results of the LITA graft and patient num-
bers with follow-up angiography
Early postoperative
angiography
Follow-up
n
Diameter of the
LITA graft (mm) n
50% stenosis 264 1.8 0.3 64
50%-69% stenosis 26 1.7 0.3 12
70% stenosis 20 1.7 0.3 10
String sign 18 0.8 0.1 6
Occlusion 15 8
LITA, Left internal thoracic artery.The Journal of ThoracicThe diameter of the LITA graft revealed a weak corre-
lation with the diameter of the native coronary artery at
early postoperative angiography (r 0.37, P .0001). The
diameter of the LITA graft in the patients with well-
preserved native coronary artery flow was significantly smaller
than that in the patients with poorly preserved (1.6  0.4 mm
[well preserved] vs 1.8  0.3 mm [poorly preserved]; P 
.0012) and no (1.6  0.4 mm [well preserved] vs 1.9  0.3
mm [no flow]; P  .0001) native coronary artery flow. The
percentage diameter stenosis at the anastomotic site had a very
weak negative correlation with the diameter of the LITA graft
(r  0.17, P  .0028). The degree of native coronary
artery flow showed no relationship with the presence of
50% or greater diameter stenosis at the anastomotic site.
Comparison Between Early Postoperative and
Follow-up Angiography
Follow-up angiography was performed in 100 patients in
total: 64 of 264 patients with less than 50% diameter ste-
nosis, 12 of 26 patients with 50% to 69% diameter stenosis,
10 of 20 patients with 70% or greater diameter stenosis, 6 of
18 patients with the string sign, and 8 of 15 patients with an
occluded LITA graft at early postoperative angiography
(Table 1).
In the 6 patients with string sign at early postoperative
angiography, the LITA graft was occluded in 4 patients, the
string sign was unchanged in 1 patient, and the string sign
disappeared in 1 patient at follow-up angiography. The
LITA graft remained occluded at follow-up angiography in
the 8 patients who showed occlusion of the LITA graft at
early postoperative angiography.
In the remaining 86 patients with follow-up angiography,
the diameter of the LITA graft was significantly larger (1.8 
0.4 vs 2.1  0.5 mm, P  .0001), and percentage diameter
stenosis was significantly decreased (32% 27% vs 21%
Figure 2. The diameter of the left internal tho-
racic artery graft (A) and percentage diameter
stenosis at the anastomotic site (B) at early
postoperative and follow-up angiography.and Cardiovascular Surgery ● Volume 130, Number 6 1663
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that at early postoperative angiography (Figure 2). String
sign developed at follow-up angiography in 1 patient. Only
1 of 64 patients with less than 50% diameter stenosis at
early postoperative angiography showed 50% or greater
diameter stenosis at follow-up angiography.
In 22 patients with 50% or greater diameter stenosis at
early postoperative angiography, the percentage diameter
stenosis significantly decreased at follow-up angiography
(69%  13 vs 35%  20%, P  .0001; Figure 3). Among
10 patients with 70% or greater diameter stenosis at early
postoperative angiography, regression of the LITA graft
stenosis was detected in 9 patients without intervention
therapy (Figure 3).
Follow-up angiography in 10 patients who showed 70%
or greater diameter stenosis at early postoperative angio-
graphy was performed for evaluating new-onset angina pec-
toris in 7 patients, acute myocardial infarction in 2 patients,
and a follow-up study without symptoms in 1 patient. Four
of 10 patients underwent intervention therapy on vessels
other than the LITA graft, but they did not show significant
stenosis of the LITA graft at that time.
A representative case is shown in Figure 4.
Detection of Ischemia in Patients With LITA
Graft Stenosis
All patients with 50% or greater diameter stenosis at the
Figure 3. The change in percentage diameter stenosis of the left
internal thoracic artery graft in the patients with 50% or greater
diameter stenosis at early postoperative angiography.anastomotic site were asymptomatic early after surgery.
1664 The Journal of Thoracic and Cardiovascular Surgery ● DecThallium-201 stress scintigraphy was performed in 15 of
20 patients with 70% or greater diameter stenosis early after
surgery. Heart rate increased to 117 22 beats/min (76%
12% of the age-predicted maximal heart rate) at peak stress.
Seven patients showed normal perfusion image, 6 patients
showed fixed defect, and 2 patients showed partial redistri-
bution in the area of the coronary artery to which the LITA
graft was anastomosed. The 2 patients who showed redis-
tribution did not need intervention therapy because redistri-
bution was detected in the small area of the diagonal branch
and the first septal branch, respectively.
Long-Term Prognosis of the Patients With
70% or Greater Diameter Stenosis at Early
Postoperative Angiography
The mean follow-up period was 124  42 months after
coronary bypass surgery. Among 20 patients with 70% or
greater diameter stenosis early after surgery, 5 patients died
during follow-up, and death occurred at a mean of 101
months after surgery. Among the 5 patients, 3 patients
showed 70% to 79% diameter stenosis and 2 patients
showed 80% to 89% diameter stenosis at early postopera-
tive angiography. Cause of death was sudden death in 3
patients, congestive heart failure in 1 patient, and sepsis in
1 patient. All 5 patients underwent follow-up angiography,
and all but 1 patient showed regression of the LITA graft
stenosis. One patient who did not show regression of the
LITA graft stenosis at follow-up angiography had sudden
death 134 months after surgery. Two patients with 90% or
greater diameter stenosis early after surgery have been
doing well without any cardiac events. No patients required
intervention therapy on the LITA graft late after surgery.
Discussion
Previous Studies
The LITA has been widely used as a graft for coronary
bypass surgery because of its long-term patency.1,2 How-
ever, there are some issues, including inadequate perfusion
during and early after surgery9,10 and string sign, which is
diffuse narrowing or uniform distal narrowing of the LITA
graft.11-13 The causes of string sign have not been deter-
mined, but some possible mechanisms were mentioned in
previous studies.8,11,13-16 Graft injury during the operation,
intimal proliferation, blood flow competition between the
LITA graft and recipient coronary artery, blood flow steal
phenomenon caused by side branches of the LITA, spasm,
and edema caused by surrounding inflammation are possible
mechanisms of the string sign. The LITA graft has been
reported to be a physiologically active conduit, and the
diameter of the LITA graft might change, depending on the
degree of native coronary artery flow.11,17 Spontaneous
recanalization of the occluded LITA graft was also reported,
which was associated with progression of the native coro-
nary artery stenosis.14-16
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of the LITA graft was more than 98%, but 7.8% of the
patients had 50% or greater stenosis within the LITA graft,
and 1.3% of the patients showed occlusion of the LITA
graft. The LITA graft stenosis is sometimes detected at the
anastomotic site at early postoperative angiography, and
intervention therapy has been recently performed on the
LITA graft stenosis at the anastomotic site.3,4 However,
there are few reports about the natural course of the focal
stenosis of the LITA graft at the anastomotic site.
Mechanisms of LITA Graft Stenosis at the
Anastomotic Site
In this study we focused on the focal stenosis at the ana-
stomotic site, and regression of the LITA graft stenosis was
detected in most patients without intervention therapy. This
finding suggested that the LITA graft stenosis detected at
early postoperative angiography was transient stenosis in
most patients. Therefore we believe that surgical technical
failure was not a main cause of the LITA graft stenosis at
the anastomotic site in our study. We speculate that edema
caused by operative procedures, hematoma, or spasm
around the anastomotic site might be one of the causes of
The Journal of Thoracicthe transient stenosis at the anastomotic site. A thrombus at
the anastomotic site might be a possible mechanism of the
transient stenosis, but an intraluminal filling defect that was
suggestive of a thrombus was not observed at early post-
operative angiography. Natural healing of local dissection
of the LITA graft or remodeling might be a possible mech-
anism of regression of the LITA graft stenosis, but we have
no data about it because an intravascular ultrasound study
was not performed.
There is a possibility that the LITA graft stenosis at early
postoperative angiography is not rigid and is expandable,
and the degree of the stenosis might change depending
on the LITA graft flow. Although we could not evaluate
the LITA graft flow itself by using a Doppler flow wire in
the present study, the diameter of the LITA graft and the
degree of stenosis at the anastomotic site showed a weak
negative correlation at early postoperative angiography. In
addition, regression of the LITA graft stenosis accompanied
the increase of the diameter of the LITA graft at follow-up
angiography. These findings suggested that the increase of
the LITA graft flow might result in regression of the LITA
graft stenosis at the anastomotic site, and thus the LITA
Figure 4. A representative case. This case
showed 85% diameter stenosis at early post-
operative angiography (A). Stenosis at the
anastomotic site disappeared at follow-up
angiography (B) without intervention therapy.
LAO, Left anterior oblique view; RAO, right
anterior oblique view.graft stenosis might be expandable.
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20 patients with 70% or greater diameter stenosis early after
surgery, and only 2 patients showed reversible ischemia in
the area of the coronary artery to which the LITA graft was
anastomosed. Well-preserved native coronary artery flow
might be a reason why ischemia was not detected through
exercise. Furthermore, there is a possibility that patients
could not get enough exercise because of their condition
early after surgery. However, critical ischemic events did
not occur at all early after surgery, despite leaving the LITA
graft stenosis as it was. The increase in LITA graft flow
during exercise might result in decrease of the LITA graft
stenosis if the stenosis is expandable early after surgery.
Intervention Therapy on the LITA Graft Stenosis at
the Anastomotic Site
Intervention therapy has been recently performed on the
LITA graft stenosis at the anastomotic site early and late
after surgery, and results of the intervention therapy on the
LITA graft stenosis have been reported to be good.3,4 How-
ever, we should recognize the natural course of the LITA
graft stenosis to pick up the patients who really need inter-
vention therapy.
Our study demonstrated that LITA graft stenosis at the
anastomotic site detected at early postoperative angiography
might improve without intervention therapy. Critical isch-
emic events did not occur at all early after surgery, despite
leaving the LITA graft stenosis as it was. No patients
needed intervention therapy on the LITA graft late after
surgery. Five patients with 70% or greater diameter stenosis
early after surgery died during follow-up, but 4 of them
showed regression of the LITA graft stenosis at follow-up
angiography, which suggested that the deaths of the 4 pa-
tients were not related to LITA graft stenosis. One patient
who did not show regression of the LITA graft stenosis at
follow-up angiography resulted in sudden death 134 months
after surgery. Therefore we conclude that LITA graft ste-
nosis detected at early postoperative angiography might be
observed without intervention therapy when the patients are
asymptomatic or when ischemia is not detected through the
exercise stress test. Intervention therapy might be consid-
ered when significant stenosis remains at follow-up angiog-
raphy. Two patients with 90% or greater diameter stenosis
early after surgery showed regression of the LITA graft
stenosis at follow-up angiography and have been doing well
without any cardiac events. Therefore it is difficult to iden-
tify patients who need intervention therapy on the LITA
graft stenosis on the basis of the degree of stenosis at early
postoperative angiography. In determining the indication of
intervention therapy on the LITA graft, many factors must
be considered, such as the degree of native coronary artery
flow, the LITA graft diameter, myocardial viability, exis-
tence and extent of ischemic area, and so on. We think that
it is important to recognize the natural course of the LITA
1666 The Journal of Thoracic and Cardiovascular Surgery ● Decgraft stenosis as one of factors in considering intervention
therapy.
Although routine postoperative angiography might not
be performed today, recent reports19 have demonstrated that
the LITA graft stenosis at the anastomotic site could be
diagnosed by using transthoracic Doppler echocardiogra-
phy. We think that it is important to know the natural course
of the LITA graft stenosis in evaluating the LITA graft flow
with transthoracic Doppler echocardiography.
Study Limitations
In our study early postoperative angiography was performed
in 343 of 430 patients who underwent coronary bypass
surgery by using the LITA graft, and follow-up angiography
was performed in 100 of 343 patients who received post-
operative angiography early after surgery. We retrospec-
tively investigated early results of the LITA graft in the 343
patients and changes in the degree of the LITA graft stenosis in
the 100 patients, and they underwent follow-up angiography
for various reasons. Therefore our results might not repre-
sent the results of all patients who undergo coronary bypass
surgery.
Quantitative angiographic analysis was applied to the
anastomotic site. When the native coronary artery was
patent, the results of quantitative angiography might not
have been accurate.
Conclusions
In conclusion, LITA graft stenosis at the anastomotic site
detected at early postoperative angiography might improve
without intervention therapy. We should consider the natu-
ral course of the LITA graft stenosis in determining the
indication of intervention therapy early after surgery.
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